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Fig.1 An important branch of glycolysis: biosynthesis pathways of serine and glycine
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Fig.2 Overview of one—carbon metabolic pathway formed by the coupling of folate cycle and methionine cycle
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Fig. 3 The metabolic network contained in the metabolic kinetics model of gastric cancer cell

Table 1 Metabolites and related parameters contained in the metabolic kinetics model of gastric cancer cell

Metabolite"’ Abbreviation®’ Biomass® Concentration®’

1 ATP ATP -0.3 0.117

2 ADP ADP 0.3 0.07

3 AMP AMP 0 0.137

4 NADH NADH -0.1 0.008

5 NAD NAD 0.1 0.02

6 NADPH NADPH -0.1 0.005

7 NADP NADP 0.1 0.002

8 FADH, FADH, 0 1
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Continued to Table 1
Metabolite" Abbreviation” Biomass® Concentration®
9 FAD FAD 0 0.001
10 GTP GTP 0 0.015
11 GDP GDP 0 0.016
12 Q Q 0 1
13 QH, QH, 0 1
14 Cyt-cox Cyt-cox 0 1
15 Cyt-cred Cyt-cred 0 1
16 Pi Pi 0 1
17 PPi PPi 0 1
18 CoA CoA 0 1
19 Co, Co, 0 1
20 HCO, HCO, 0 1
21 H H 0 1
22 Glucose Gle 0 1
23 Glucose-6-phosphate G6P 0 1
24 Fructose-6-phosphate FepP -0.04 1
25 Fructose-1,6-bisphosphate FBP 0 1
26 Dihydroxyacetone phosphate DHAP -0.02 0.007
27 Glyceraldehyde-3-phosphate GAP 0 0.018
28 3-Phosphoglycerate 3PG 0 0.012
29 Phosphoenolpyruvate PEP 0 0.001
30 Pyruvate Pyr -0.08 0.562
31 Lactate Lactate 0 1.082
32 Oxaloacetate OAA 0 0.351
33 Acetyl-CoA acetyl CoA -0.05 1
34 Citrate citrate 0 0.075
35 Isocitrate isocitrate 0 0.026
36 Alpha-ketoglutaric acid o-KG -0.01 0.025
37 Succinyl-CoA succinyl CoA -0.03 1
38 Succinate Succ 0 0.053
39 Fumarate Fum 0 0.063
40 Malate Mal 0 0.8
41 Glutamate Glu 0 1.127
42 Aspartate Asp 0 0.211
43 NH, NH4 -0.1 1
44 Glutamine Gln 0 0.432
45 Asparagine Asn 0 0.046
46 Alanine Ala 0 0.494
47 3-Phosphooxypyruvate 3PHO-Pyr 0 1
48 3-Phosphoserine SEP 0 1
49 Serine Ser 0.05 0.074
50 Tetrahydrofolate THF 0 1
51 5,10-Methylenetetrahydrofolate meTHF 0 1
52 Glycine Gly 0.05 0.362
53 5-Methyltetrahydrofolate mTHF 0 1
54 Homocysteine Hce 0 1
55 Methionine Met 0 1
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Continued to Table 1
Metabolite"’ Abbreviation” Biomass®’ Concentration®
56 Folic acid Folic acid 0 1
57 10-Formyltetrahydrofolate F-THF 0 1
58 S-adenosyl-L-methionine SAM 0 1
59 S-adenosyl-L-homocysteine SAH 0 1
60 5-Methylcytosine ME 0 1
61 Adenosine Adenosine 0 1

YMetabolite: full name of metabolite; 2 Abbreviation: metabolite name abbreviation; * Biomass: non-zero values are used to specify the flux input or

output of the metabolic network, the flux output to the outside is set to match true cell physiological values, and the available nutrient intake flux is

self-regulated by the algorithm; ¥Concentration: the concentration of non-1-valued metabolites was determined by the metabolomics data of gastric

cancer tissues from multiple groups®*?*
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Fig. 4 Comparison between computed results and RNA-seq data
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(a) Modelled metabolic fluxes, normalized for each reaction for gastric cancer cell metabolic network under different initial. (b) Corresponding

RNA-seq data from gastric cancer tissues.
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Table 2 Steady-state fluxes of serine/glycine conversion with different serine/glycine intake
Serine/glycine intake in the model

Steady-state fluxes of serine/glycine conversion/(mmol-L™"-s™")
Serine Glycine
0 0 -0.55
+0.05 0 0.07
0 +0.05 -0.25
+0.05 +0.05 0.24

Cell proliferation

T

(Nucleotide biosymhesis)( DNA methylation )( Protein biosynthesis)

f

One carbon unit

Serine Glycine
— = —
One-carbon pool J
N~—

Fig. 5 One—carbon unit from the serine/glycine conversion can be involved in several possible metabolic pathways to

influence cell proliferation
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0.546 01 Methlomne 0-0001167

0.537 47
SHMT SAM
me-THF
0.000 324
Folate cycle 069522 ) (0.69522 ~ Methionine cycle
0.3089

SAH
mTHF Homocysteme
F-THF 0.000 331
0.695 27
(b) _
Serine Ve V=10
Folic acid
Glycine
0 691 36
0.947 74 Meth]onme 0-000'555
THF
0.777 29 SAM
me-THE 0.001 016
Folate cycle 0.86189) [ 0.861 89 Methionine cycle
0.290 01 SAH
mTHF Homocysteme
-THF
0.861 99 0.001 032

Fig. 6 Steady—state flux of one—carbon metabolism pathways in kinetics model of gastric cancer cells at conversion rate is

equalto1 (a) and 10 (b)
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Abstract Objective Gastric cancer (GC) seriously affects human health and life, and research has shown that
it is closely related to the serine/glycine metabolism. The proliferation ability of tumor cells is greatly influenced
by the metabolism of serine and glycine. The aim of this study was to investigate the molecular mechanism of
serine/glycine metabolism can affect the proliferation of gastric cancer cells. Methods In this work, a stable
metabolic dynamic model of gastric cancer cells was established via a large-scale metabolic network dynamic
modeling method in terms of a potential landscape description of stochastic and non-gradient systems. Based on
the regulation of the model, a quantitative analysis was conducted to investigate the dynamic mechanism of serine/
glycine metabolism affecting the proliferation of gastric cancer cells. We introduced random noise to the kinetic
equations of the general metabolic network, and applied stochastic kinetic decomposition to obtain the Lyapunov
function of the metabolic network parameter space. A stable metabolic network was achieved by further reducing
the change in the Lyapunov function tied to the stochastic fluctuations. Results Despite the unavailability of a
large number of dynamic parameters, we were able to successfully construct a dynamic model for the metabolic
network in gastric cancer cells. When extracellular serine is available, the model preferentially consumes serine.
In addition, when the conversion rate of glycine to serine increases, the model significantly upregulates the steady-
state fluxes of S-adenosylmethionine (SAM) and S-adenosyl homocysteine (SAH). Conclusion In this paper,
we provide evidence supporting the preferential uptake of serine by gastric cancer cells and the important role of
serine/glycine conversion rate in SAM generation, which may affect the proliferation ability of gastric cancer cells
by regulating the cellular methylation process. This provides a new idea and direction for targeted cancer therapy

based on serine/glycine metabolism.

Key words gastric cancer, serine/glycine metabolism, cell proliferation, stochastic dynamic decomposition,
Lyapunov function, S-adenosylmethionine, methylation
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